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OBJECT

To evaluate ballistically the proposed canopy jettison system for
the B=57B airplane.

SUMMARY

The canopy jettison system for the B=57B aircraft has been evalu-
ated by ballistic tests., The system consists of an M5 thruster for
release of the canooy latches, an M3 remover for jettison of the canopy,
and initiators with pressure tranemission systems for actuation of these
devices. :

Tests were conducted to obtain data on the following:

(1) Study of the performance of the M3 remover propelling various
mass loads;

(2) Study of the performance of the M5 thruster operated against
a combined force and mass load approximating service conditicns;

(3) Study of the function of the firing mechanism of the M3 re-
mover with remover in tension and actuated by an M3 initiator through
flexible hose; and

(4) Evaluation of performance of initiating systems which form
parts of complete canopy jettison system,

The results of these tests have indicated that the canony jettison
system as proposed is satisfactory as far as ballistics are concerned.

AUTHORIZATION

FA 334/%231-1, 11 May 53, lst Ind WADC to FA
00 452.1/89, FA 452/1558, 30 Jun 53
00 113/1287, FA 121/15520, 13 Oct 53
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INTRODUCTION

In conjunction with the development of the B=57B aircraft,
Glenn L. Martin Company, with the assistance of the Pitman-Dunn
Laboratories Group of Frankford Arsenal, formulated plans for a
combined ballistic and mechanical system to be used in emergency
escape from this aircraft. Because of the time limitations no
attempt was made to develop new ballistic devices. Complete re-
liance was placed on the available standardized cartridge actuated

devices,

Emergency escape from this aircraft is accomplished in three
phases: canopy Jjettison, control column stowsge, and personnel
ejection. The control column stowage and personnel ejection oper-
ations are initiated as a result of successful canopy jettison.
The system is designed to insure proper sequence of operation.

In this project Frankford Arsenal undertook to investigate the
ballistic performance of the system proposed for use in the emer-
gency canopy jettison operation. For convenience the project was
divided into five phases, each phase being concerned with a specific
area of investigation. Performance requirements for system compo-
nents were established after investigation of the various aspects of
the canopy jettison operation, Test conditions were established to
reflect the most stringent requirements service conditions can make
on the performarce of the system, In this report each phase is

treated separately,

DESCRIPTION OF SYSTEM

Canopy Jettison System

The complete canopy jettison system is a complex assembly of
ballistic and mechanical systems. In emergency escape it performs
two functions: release of the canopy latches and jettison of the
canopy. The equipment associated with emergency canopy jettison
may be considered in two main categories: (1) equipment which is
part of the service structure of the aircraft (canopy, canopy latches,
hydraulic ram, etc.), and (2) ballistic systems (cartridge actuated
devices and the ballistic assemblies used in device initiation).




A functional diagram of the canopy Jjettison system is shown
in Pigure 1, In this diagram the relative position occupied by
each system component and its designation are shown. The diagram
does not represent the actual spatial configuration the system as-
sumes in the aircraft.

In the emergency escape operation, canopy jettison is effected
by operation of the M3 remover. The remover is mounted in tandem
with an hydraulic actuating cylinder and is attached to the canopy.
The canopy is hinged at one end; for successful jettison it must be
rotated through an angular displacement about the hinge. A schemat-
ic diagram showing the geometry of the canopy and mechanical data
is shown in Figure 2.

The canopy latches in the B-57B aircraft are interconnected
and are operated from one power source. In emergency canopy unlock
the M5 thruster provides the power for this operation. The latch
system is not massive but does provide considerable resistance to
movement. Load vs stroke curves (Figure 3) show the opposing load
provided by the latch systems for the following latch settings:
aft, nominal, and forward, The resistive load declines rapidly
with travel, Three inches of power stroke are required to complete
canopy unlock.

The M5 thruster provides one other function. After canopy un-
lock has been effected, the continuing motion of the thruster piston
is used to operate the M3 initiator which operates the M3 remover.

A spring coupling joins the thruster piston and the initiator pin;
thus proper sequence of the operations of canopy unlock and canopy
Jettison is assured,

The canopy Jjettison operation may be initiated frem any one of
three positions: navigator's seat, pilot's seat, and outside (for
ground rescue). Function of the canopy jettison system commences
with operation of any one of the three initiators mechanically fired
at one of these positions. Propellent gas from the initiator is
transmitted through an assembly of flexible hose (AN6271=4) and
various fittings (type AN, size 4) and operates the firing mecha-
nism of the M5 thruster. The transmission lines used in the initi-
ation of the M5 thruster are maintained as independent channels by
the use of check valves at the juncture of the three lines. This
prevents gas from flowing into the unfired initiators, which would
result in large pressure losses. Quick disconnects are included in
the transmission lines for the initistors at the pilot's position
and navigator's position, for convenient deactivation of the system
without complete disassembly., After canopy unlock the second M3
initiator is fired and propellent gas from this initiator travels
through a transmission line consisting of flexibls hose (AN6271-4)
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Neg. #30856
R-1347

ATTACHMENT POINT FOR
REMOVER

CENTER OF PERCUSSION CENHCHR

CANOPY

s

A}
\_HINGE

POINT

WEIGHT OF CANOPY : 30l LBS

MOMENT OF INERTIA ABOUT HINGE = 252 SLUG -FT*

Figure 2. Schematic diagram, B-57B aircraft canopy geometry
and mechanical data
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and various fittings (type AN, size 4), and operates the booster
initiator (M5 initiator). A quick disconnect* is also provided
for this transmission line., Propellent gas from the booster ini-
tiator then operates the M3 remover, which jettisons the canopy.

The selection of components and the configuration of the
system was largely dictated by the layout of the cockpit. The
assembly distances between the remover, the thruster, and their
initiators are as short as is practicable without sacrifice of
compatibility of system configuration with other aireraft equip-
ment and operational reliability of the canopy jettison system.

Cartridge Actuated Devices of System

Initiator, M3

The M3 initiator (Figures 4 and 5) is a device which
generates propellent gas for the initiation of gas-operated car-
tridge actuated devices. This device is mechanically operated by
withdrawal of the initiator pin. This is accomplished with a force
of between 20 and 35 1b through a distance of 5/8 in. As Figure 5
shows, the initiator pin is surrounded by a coil spring and is
joined to the firing pin by steel release balls which are seated
partly in the locking groove of the initiator pin and partly in
holes in the firing pin. When the initiator pin is withdrawn into
the rear portion of the firing pin housing, which has a larger di-
ameter than the forward portion, the balls are released, separating
the firing pin from the initistor pin. The forward motion of the
firing pin is arrested by the forward end of the firing pin housing
to prevent excessive pin protrusion, which could cause primer cup
puncture,

The initiator is assembled with the end of the cartridge
retainer flush with the chamber wall. The face of the cartridge
retainer is provided with four diametral grooves which, together
with the chamber wall, form eight gas-metering orifices. The rate
of gas flcw, an important factor in ballistic performance of the
initiator, is regulated by these orifices. The envelope drawing
and assembled view of the M3 initiator are shown in Figure 4. The
assembly drawing (sectional view) and exploded view are shown in
Figure 5. Curves showing performance in simple ballistic systems

*For further details concerning the quick disconnects, see Refer-
ence 12.
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Figure 4. M3 initiator

A - Envelope drawing
B -~ Assembled view
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CROSS-SECTION DRAWING
Davelomment Srdoanoe

Component Rraving Rusber Ixsving Bmber
A Pin Initiator ALX-92-12 94~3~44
] Spring, Initister ALX-92-14 %4-3-4B
[ Cap BI-92-11 94~3-4C
D 0" Ring AN6227-R19 CXCI2587929
x Ball, Metal ARDI6C1-8 CCALI587929
r Chamber ALX=32-6 C8593014
o Retainer, Cartridge ALL-32-7 8593013
] Bousing, Firing Pln ALX-32-8 9%4-3-34
1 Pin, Piring ALX~32-10 9%-3-38
J Cartridge, CAD, 108 RX-3-1 95-1-154
X Pln, Safety ALX-92-15 94-3-4D

Assently Draving AX-32-1 9%-3-24

Parts List

A c | ] 1 D H J qQ 1 4
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Figure 5.

EXPLODED VIEW

Cross~section drawing and exploded view, M3 initiator
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consisting of the M3 initiator, flexible hose, and a chamber (volumes:
0.062 and 0.588 in.3) are shown in Figure 6. Peak chamber pressure is
plotted against length of flexible hose in the system. Engineering
data concerning the M3 initiator follow.

Bursting pressure 12,100 psi
Volume (cartridge open) 2.3 in.3
Assembled weight 0.9 1b
Force required to pull

initiator pin 20 to 35 1b

Initiator, M5

The M5 initiator (Figure 7) was developed by the modification
of the M3 initiator., The major difference between these devices is the
method of operation. Several components (chamber, cartridge, retainer,
etc) of both devices are identical. The M5 initiator is operated by the
action of propellent gas on the firing pin, which is held in place by a
shear pin. When sufficient pressure is developed, the firing pin is re-
leased.

The envelope drawing and assembled view of the M5 initiator
are shown in Figure 7. The assembly drawing (sectional view) and ex-
ploded view are shown in Figure 8, Performance curves are shown in
Figure 6. Engineerinz data concerning the M3 initiator apoly also to
the M5 initiator except for the method of firing.

This device is used in escape systems as a booster, In the
design of an escape system it is often necessary to maintain an assem-
bly distance between the cartridge actuated device and its initiator,
vhich is too long for reliable initistion with a single initiator. In
such circumstances an M5 initiator may be included in the transmission
line at an appropriate place. The device is also used with by-pass
type thrusters and similar by-pass devices,

Thruster, M5

Certain operations connected with emergency escape from high
speed aireraft, such as canopy unlock, canopy or tail turret jettison,
and other such operaticns, frequently require the aonlication of large
forces over a short period of time (of the order of 0.0l to 0.08 sec).

One device frequently used in such applicsticns is the M5
thruster. This device is capable of delivering large smounte of power
and occupies little space in installetion (assembly length, 12.1 in,
and rower stroke, 5 in.).

The thruster consists essentially cf a firing head assembly,
body, piston, and 38 cartridge. Thrust is developed by the action of
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Figure 7. Initiator with Cartridge, M5 (T5)

A - Envelope drawing
B - Assembled view
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Develcpment Ordnance
Component. wing Number Drawing Naumber
A Setscrew
R Housing, firing pin BLX-86-7 9l~3-1LA
D  Chamber ALX-86-15 9L-3-24R
E  Retainer, cartridge ALX-86-16 9L~3-2C
F  Pin, firing ALX~£6-8 9lL-3-13A
G Cap BLX-86-6 9L-3-13C
H "o" ring AN6227-P19 CKCX2501462
I  "0" ring AN6227-B4, CKCX2501217
Flug, entry port
{for shipping only) Commercial 94-3-12B
J  Cartridge, Initiator, M38 ALX-3k-T 95-1-15
K  Pin, shear ALX-86-11 9L-3-138
Assembly drawing FLX-R6-1 943211
Parts 1ist ALX-86-2
G H 1 F b J E D

l

Figure 8.

Cross-section drawing and exploded view, Initiator, M5 (T5)
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pressure on the unsupported area of the piston. The device is initi-
ated by propellent gas from an initiator or cther scurce.

The ballistic performance of the M5 thruster vavies with
firing temperature and inertial and resistive forces operating in
the direction of opposing motion of the piston.*

Assembled and exploded views of the M5 thruster are shown
in Figure 9; the assembly drawing (sectional view), in Figure 10;
engineering data are given in Table I. Curves showing thrust-time
and thrust travel performance for the M5 thruster propelling a 323-1b
welght vertically upward are shown in Figure 11.

Table I. Engineering Data, M5 Thruster

Stroke 5 in,
Bursting pressure, body 20,800 gsi
Area, piston 1.0 in.
Thruster internal volume

Initial 2.78 in.3

Final 7.86 in,3
Weight, total assembly 3.61 1b
Force required to unlock piston 60 1b

Note: Throughout this report mention is made of Thruster, T4EL.
This nomenclature applies to the development model of Thruster,
M5. There is no substantial difference between the two models,

Canopy Remover, M3

In emergency escape from high speed aircraft, to insure
safety of personnel the canopy must be Jettisoned prior to personnel
ejection. This operation usually involves rotation of the canopy
through an angular displacement and, in some types of aircraft, recti-
linear displacement 1s also required after the rotation has been com-
pleted. The thrust and energy required for jettison are provided by a
cartridge actuated device cf either the thruster or canopy remover type,
depending upon the requirements of the aircraft.

#Performance data for the M5 thruster fired under the ccnditions:
locked shut; propelling mass loads vertically; and propelling mass
loads horizontally, with shear pins restraining motion at the begin-
ning and end of stroke, are presented in Reference 12,

Performance data for the M5 thruster fired in a mechanical system
providing approximately constant resistive force with negligible inertia
are presented in Reference 13,

13
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Figure 9. Thruster, M5A1 (TLE1)

14




=

Neg. #30408
R-1347

?

®

?

9 ®QO ® W O ®
Devslogment Qrdnance

Component Dreving Number Drauing Number

A Head ALX=122=4 FR36846

B Pin, Shear ALX=-122-10 FA 29183

c "O" Ring AN6227-E19 CKCX2501220

D Retainer, Cartridge ALX=-122-11 FA 29184

e Cartridge, CAD, M38 X341 95-1-15

F, P "O" Ring AN6227-B17 CKCX2501228

G Body ALX-122-3 FB 33,

K Spring, Plston Locking ALX-122-12 FA 29185

I "o" Ring AN6227-B17 CKCX25011.62

J "o" Ring AN6227-B5 CKCX2501218

K Sleswe, End ALX-122-9 FB 35447

L Sorew, Buffer ALX-122-18 FA 29186

M Key ALX=122-19 FB 34910

K Piston ALX-122-6 FB 35448

0 Trunnion N.X=122-5 PA 29179

Q Pin, Firing ALX-122-8 FA 29181

R Guida, Firing Pin ALX=122-7 FA 29190
Screw, Sooket, Hex RCTX4 Commercial
Metal Parts Asseably B.X122-1 FF 7433
List of Parts & Specifications H.X122-2 FF 7,33 A
Loading Assenbly & Marking H.X122-16 FF 7432

Figure 10, Assembly, Thruster, Cartridpe Actuated, M5A1

Diagram
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The M3 remover is a two-tube telescoping device consisting
essentially of a firing head, cartridge, ocuter tube, inner tube, and
base cap., In installation, the remover is mounted at both the base
cap and firing head. The remover is approximately 30 inches long and
has a stroke of 26 inches.

This device is initiated by propellent gas which is intro-
duced into the firirg head, from an initiator, thrcugh a transmission
line. Gas pressure continues tc rise in the firing head, behind the
firing pin, until the shear pin is sheared by the mction of the firing
pin, After pin shear, the firing pin moves forward and draws the latches
in toward the center, unlocking the remover, The firing pin continues
moving forward until it strikes the primer, firing the cartridge.

Representative performance curves for the M3 remcver* are
shown in Figures 12 and 13. The maximum thrust produced when the re-
mover is fired locked shut is approximately equal to the maximum thrust
produced when the remover is fired propelling & 300-1b load horizontally.
This result is explsined by the fact that the propellant is completely
burned before appreciasble expansion has taken place. This is an impor-
tant factor in remcver performance, for it gives assurance that in the
event the canopy should jam, there will be no danger of remover rupture
with its attendant personnel hazards. The assembled and exploded views
of the M3 remover and the envelope drawings are presented in Figure 14;
the assembly drawing and designation of components are presented in
Figure 15. Engineering data for the M3 remcver are given in Table II,

*Performsnce data for the M3 remover, fired vertically propelling rass
loads of 400, A00, 800, and 1000 1b, are presented in Reference 13,
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Performance curves, M3 remover, 70° F, horizontal firings
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Table II, Engineering Data, M3 Remover

Stroke, total 26,0 in,
Area, inside tube 1.58 in,2
Weight

Inside tube 0.9 1b

Outside tube 1.3 1b

Total assembly 4ol 1b
Bursting pressure

Inside tube 6350 psi

Qutside tube 4670 psi
Remover internal volume

Initial (cartridge open) 69 in,3

Final (tube separation) 110 in,3
Safe structural strength*

Compression 8000 1b

Tension 2000 1b

*Based on specification; values in excess of this have been
obtained in test.

Cartridge, CAD, M38

Cartridge, CAD, M38, is used in the M3 initiator, M5
initiator, and M5 thruster. This cartridge is actuated by a per-
cussicn-sensitive primer (No. 26) and contains, as propellant charge,
2.8 gm M5 propellant (Lot 7944) and 1 gm black powder (Grade AL).

The assembled cartridge includes the aluminum cartridge
case with propellant and igniter, the head assembly with primer, and
auxiliary components to provide sealing,

The primer is sealed with the aluninum disc which covers

the prirer and retainer. In assembly, the lip of the cartridge case

is crimped around the "O" ring, which is seated on the retainer. This
arrangement provides adequate sealing and is effective against a pres-
sure differential of 12 psi, The assembly drawing (cross-section view)
of the M38 cartridge and the exploded view of its components are pre-
sented in Figure 15. Engineering data for this cartridge are ziven in
Table III.
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Table III.

Note:

Propellant

Charge
No. of perforations
Diameter, outside
Diameter, perforation
Length
Web
Specification
Type
Lot (Radford Ordnance Works)
Composition (nominal %)
Nitrocellulose (13.22% N)
Nitroglycerin
Barium nitrate
Potassium nitrate
Graphite
Diphenylamine
Dinitrotoluene

Igniter
Charge
Type
Grade
Specification

Primer
Charge
Type
Designation
Composition
Drawing

Engineering Data for Cartridge, CAD, M38

2.8 gm

7

0.195 in,
0.0125 in,
0.462 in,
C.039 in.
JAN-P-323
M5

7944

75.50
20,00
1.50
1.00
0.75
0.25
1,00

1.0 gm

Black powder
J.VA

JAN-P-223

0.4 er
Percussicn
No. 26

FA 70
45000131

Experimental M38 cartridges were loaded with

M2 propellant (Radford Ordnance Works), Lot
5280-42. Propellant grain dimensions follow.,

Diameter

Diameter, perforation
Length

Web

0.203 in.
0.014 in.
C.432 in,
0,040 in,




Cartridge, CAD, M3141

Cartridge, CAD, M31Al1, is used in the M3 aircraft canopy
rerover. This cartridge has a percussion sensitive primer (artil-
lery type M61) and contains a propellant charge of 23 gm M2 propel-
lant (Lot HPC 4281-41), and 25 gr black powder (grade Al) which
serves ss the igniter,

The assembled cartridge includes the aluminum cartridge
case with propellant charge, the head assembly with primer and
igniter, and auxiliary components to provide sealing.

Sealing of the primer case is provided by an aluminum disc
which covers the cartridge head, retaining ring, and firing plug. In
assembly, the lip of the cartridge case is crimped around an "O" ring
seated on the disc above the cartridge head., This sealing arrangement
is effective against a pressure differential of 12 psi. The assembly
drawing (cross-section view) cf the M31Al cartridge and an exploded
view of the components are presented in Figure 17. Engineering data
are presented in Table IV,
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Table IV. Engineering Data, M31A1l Cartridge

Propellant
Charge
No. of perforations
Diameter, outside
Diameter, perforation
Length
Web
Specification
Type

Lot (Hercules Powder Co.)
Composition (nominal %)
Nitrocellulose (13.22% N)

Nitroglycerin
Barium nitrate
Potassium nitrate
Diphenylamine
Graphite
Dinitrotoluene

Igniter
Charge
Type
Grade
Specification

Primer
Charge
Type
Designation
Composition
Drawing

23.0 gm
1

0.073 in.
0.007 in,
0.243 in.
0.033 in,
JAN-P=323
M2
4281-41

75450
20,00
1.50
1.00
0.75
0.25
1,00

25.0 gr
Black powder
Al

JAN=-P=223

1.0 gr
Percussion
Artillery type
FA 70

T4-2=42

Note: Experimental M31Al cartridges were loaded with M2
propellant (Radford Ordnance Works), Lot 5316,
Propellant grain dimensions follow,

Diameter

Diameter, perforation

Length
Web
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EXPERIMENTAL PROCEDURE

Prior to acceptance of an escape system proposed for aircraft
installation, tests must be performed to establish reliability for
the system as & whole and to obtain a perforanance history of the
system operated under the most severe conditions possible in serv-
ice. Standard cartridge actuated devices are used in this escape
system, A performance history for each device has been established
by numerous tests under test conditions in accordance with the spe-
cifications, When used as components of this escape system the de-
vice must operate satisfactorily under conditions peculiar to in-
stallation in the aircraft., These conditions are often quite Aif-
ferent from those based on specifications. It must be established
by system tests that the cartridge actuated devices can be reliably
initlated within tne escape system and that their performance under
conditions of service will be satisfactory.

The evaluation program was conducted in five phases. The spe-

cific objectives and experimental procedure followed in each phase
are explained in detail below.

Test Procedure

Phase A: Preliminary Performance Evaluation of Transmission
Systiem

Prior to performance evaluation of the canopy jettison
system as a whole, a program was established to test certain por-
tions of the system whose performance appeared to be somewhat un-~
certain, The system was accordingly divided into three subsystenms,
each cf which is independent of the others as far as gas trans-
mission is concerned. They are: ground release control, pilot's
control, and remover operation, Details of the tests follow,

Ground Release Control System: M3 initiator through 9 in.
stainless steel tubing, union bulkhead (AN332-4), 50 in. flexible
hose (AN5271~4), check valve (ANA249-4),* cross (AN937-4) with ex-
posed sides plugged, union (AN815-4), 12 in. flexible hose (AN6271-L),
union (AN815-4), to T4LEl thruster, with M38 cartridge (primed only).

*Fitting is described in Reference 13,
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(a) Five function tests were conducted with system conditioned
at -55° F,

(b) Thruster was replaced in system with pressure block (volume
0.062 in,3); the system, conditioned at -65° F, was fired five times,

Pilot's Control System: M3 initiator through 10 in. flexible
hose (AN5271-4), Wiggins disconnect, 72 in. flexible hose (ANA271-4), 45°
elbow (AN837-4), 14 in. flexible hose (AN6271-4), check valve (AN6249-4),
cross (AN937-4) with exposed sides plugged, union (ANS15-4), 12 in, flexi-
ble hose (AN5271-4), union (AN815-4), to Thruster, T4El, with M38 car-
tridge (primed onlys.

(a) Five function tests were conducted with system conditioned
at -65° F.

(b) _Thruster was replaced in system with pressure block (volume
0,062 in.3); five rounds were fired with system conditioned at -65° F,

Remover Operation System: M3 initiator through 23.5 in,
flexible hose (ANA271-4), Wiggins disconnect, 11.5 in. flexible hose
(AN6271-4), bulkhead union (AN832-4), flexible hose (AN%271-4), union
(AN815-4), 18 in. flexible hose (AN5271-4), 45° elbow (ANSB?-AS, 12,5
in. flexible hose (AN4271-4), nipple (AN815-4), to M3 remover with
M31Al cartridge (primed only). Pressure in the firing block of the
remover was recorded.

(a) Eight rounds were fired with the system at -65° F,

(b) Three rounds were fired with system at ambient (room) tem-
perature,

Pnase B: Performance Evaluation of Remover, M3

A series of test firings was conducted in which TH removers
(approximating in performance the M3 remover) were fired on the hori-
zontal test track* propelling 300-, 400-, and 500-1b weights. The loaded
removers were conditioned at extreme temperatures (-65° and 160° F),

. prior to firing, for & minimum of 3 hours.

The removers were loaded with the cartridge containing the
charge used in the M3 remover (Cartridge, M31Al; propellant charge, 23
gm RAD 5316; igniter, 25 gr Al black powder). Internal pressure and

*For information concerning the horizontal test track, see Reference 3.
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velocity at tube separation were recorded. Thrust and acceleration
were calculated from the pressure records. Travel vs time perform-
ance was obtained by double integration of the acceleration-time
perfermance information., The integration process consisted of trans-
ferring the information from the pressure-time oscillogram to punched
cards, and pumerically integrating with a digital computer.

A program of test firings was conducted in which M3 re-
movers were operated on the vertical test track propelling 300-,
400~, and 500-1b loads. The removers with cartridge were conditioned
for a minimum of 3 hours at -55° F prior to firing. Pressure-time
performance and travel of the propelled mass as a function of time

at positions of one inch were recorded. Velocity was calculated from
travel information.

Phase C: Performance Evaluation of M5 (T4E1l) Thruster

A series of test firings was conducted under special test
conditions which approximated conditions of service. In these tests
the thruster propelled a weight of 20 1b horizontally. A steel shear
pin, rated to shear at 1000 1b force, was provided to give an initial
resistance, The thruster wus instrumented to record internal pressure
and piston stroke as functions of time, Firings were conducted as
follows.

(a) Five rounds with thruster conditicned at -65° F for a mini-
mum of 3 hours prior to firing.

(b) Five rounds with thruster conditioned at 140° F for a mini-
rum of 3 hours prior to firing.

Phase D: Evaluation of Operational Reliability of Remover, M3,
under Tension Loading Ccnditions

Under certain ccnditions of plane attitude, severe sirframe
warpage can occur, Under such circumstances the remover may be re-
quired to support tension loads of as much as 10,000 1b. It was con-
sidered necessary to investigate the possibility that the remover fir-
ing mechanism cannot be operated with reliability while the remover
is in tension. A program of tests was conducted in which the remover
was initiated while under tension, To simulate service installation,
the remover was initiated with an M3 initiator through flexible hose.
The pressure-time relation in the remover firing block was recorded.

In these tests the remcver was assembled with an M31Al car-
tridge containing a primer but no propellant. The remover was placed
in tension by means of a special mounting frame, screw jack, and dyna-
mometer, Firings were conducted as follows.
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System: M3 initiator, 2.5 £t flexible hose (ANA271-4), 90°
elbow with pressure station,* te M3 remover.

(a) Four rounds for each tension load, commencing with zero and
proceeding by increments of 750 1b to 4500 1b tensicn, and four rounds
at 5500-1b tension. The remover, initiator, and connecting flexible
hose were conditioned at -65° F for a minimum of 3 hours prior to firing,

(b) Same as (a) except that the systems were conditioned at 160° F.

(c) Three rounds for each tensicn load, commencing with 4500 1b
and proceeding by increments of 1000+1b and 9500- 1b tension., The remover,
initiator, and connecting flexible hose were conditioned at -65° F for a
minimum of 3 hours prior to firing,

(d) Same as (c) except that the systems were conditioned at 160° F.

System: M3 initiator, flexible hose (AN%271-4), 90° elbow with
pressure station, to M3 remover. The remover was placed in 9000 1b ten-
sion. Systems were conditioned at -65° F for a minimum of 3 hours prior
to firing,

-

(a) One round using 2.5 ft of flexible hose.

(b) One round using 6 ft of flexible hose.
(c) One rcund using 9 ft of flexible hose.
(d) Six rounds using 10 ft of flexible hose.

Phase E: Final Performance Evaluation of Transmission System

The final transmission system evaluation consisted of test
firing ten canopy jettiscn transmission systems. To facilitate testing
of the system it was divided into four independent subsystems: pilot's
control, navigator's control, ground release control, and booster initi-
ator (M5) operation. Each subsystem wss tested separately. The compo-
nents of each system are given in detall below.

Ground Release Control System: Seme as given on p 28 with
this excepticn: "90° elbow with pressure station" replaces the last-
mentioned "union (ANR15-Z)."

Ten systems were conditioned at -65° F for a minimum
of 3 hours, ard then fired, Pressure ir the thruster firirg head was
recorded.

*This fitting is described in Reference 14.
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Navigator'!s Control System: M3 initiator through 10 in.
flexible hose (AN6271-4), 27 in. flexible hose (AN6271-4), check valve
(AN6249~-4), cross (AN937-4) with exposed sides plugged, union (AN815-4),
12 in. flexible hose (AN6271-4), 90° elbow with pressure station, to
TLE1 thruster, with M38 cartridge (primed only).

Ten systems were conditicned at -65° F for a minimum
of 3 hours, and then fired. Pressure in the thruster firing head was
recorded.

Pilot's Contreol System: Same as given on p 29 with this ex-
ception: "90° elbow with pressure station" replaces the last-mentioned
"union (AN815-4)." . :

Ten systems were conditioned at -65° F for a minimum
of 3 hours, and then fired. Pressure in the thruster firing head was
recorded.

Booster Initiator Operation System: M3 initiator through
26 in, flexible hose (AN6271-,), Wiggins disconnect, 11.4 in. flexie
ble hose (AN6271-4), bulkhead union (AN832-4), 73 in. flexible hose
(AN6271-4), 90° elbow with pressure station, to M5 initiator.

Ten systems were conditioned at -65° F for a minimum
of 3 hours and then fired. Pressure at the initiator inlet port was
recorded.

These tests supplied a performance history for ten
complete canopy jettison systems for the B-57B aircraft.

Instrumentation and Test Apparatus

The ballistic parameters obtained in the test programs of this
project were internal pressure, time, travel of propelled load, and
velocity. With the exception of velocity, the ballistic parameters
were recorded as voltage information impressed on an oscilloscope.
A special moving film camera was used to obtain a permanent record
of the signal.

All pressure-time performance information was obtained by use
of a plezoelectric pressure transducer in conjunction with electronic
amplifying equipment and an oscillosccpe. Time was recorded by blank-
ing the oscilloscope beam with an oscillating voltage of fixed frequency.

In the test firings asscciated with the performance evaluaticn of

the M5 thruster, electrical contact was made at positicns one-tenth inch
apart, to record travel of the thruster piston.
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The vertical test tower was used for tests in which the M3 remover
was fired vertically upward, propelling various loads. Instrumentation
techniques used in connection with the test tower include use of a sys~-
tem of electromagnetic pickups arranged to record travel in increments
of one inch, As the carriage with load passes a pickup, it changes the
magnetic reluctance of the pickup circuit. An electromotive force is
thus generated. This signal is fed into a simple resistance-capacitance
integrating circuit and the oscilloscope. The output voltage informa-
tion from the travel recording circuits consists of a continuous signal
of varying amplitude. The function form is characterized by a series
of maxima which approximate cusps. Each maximum represents completion
of one inch of travel. Pressure, time, and travel information are re-
corded simultaneously. A revpresentative oscillo-record is shown in
Figure 18,

In test firings with the T6 remover on the horizontal test track,
velocity at tube separation was measured. Velocities were computed from
counter chronograph measurements cf the travel time of the carriage over
a specific distance (5 ft). Electrical contacts at each end of the base
line served as travel markers.

In aircraft installaticns, catapults and canopy removers are fre-
quently placed under severe lcngitudinal stress by external loads ap-
plied through radial acceleration and airframe warpage due to aerodyna-
mic loading of the canopy. It is often necessary to determine what ef-
feet such external loads have on the successful operation of these units.
To facilitate the performance of such test firings, a special mounting
frame with adapters was designed and fabricated for placing removers and
catapults under loads (tension and compression) through theif normal
mounting points. In a test firing, the units are under load only while
locked. Since the cartridge actusted devices vary in size and type of
mounting, different adapters are required for each type. The mcunting
freme and adapters used in test firings of the M3 remover appear in
Figure 19 ard 20.

The mounting frame consists of two cclumns which support three
parsllel beams. The beams have mounting holes into which adapters are
fitted, supporting the unit to be tested. In test firings of the M3
remcver, only the beams at either end are fitted with adapters. The
center beam serves as a guide only. The pieces required to locate the
remover in the fixture and apply tension loadinz are disnlayed on the
right in Figure 20. From top to bottom they are as follows.

(a) Clevis, with 3/4 in. diameter pin to engage the dynamometer.
It is threaded at cne end to receive a nut for longitudinal adjustment,
A thrust bearing is provided for ease in turning the nut when applying
loads.
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Figure 19. M3 remover installed in tension test fixture
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Figure 20,

Ne 8o #3 d410
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Adapter required for testing Remover with Cartridge, M3

A - Clevis D - M3 Remover
B - Dynamometer E - Cap
C - Link F -« Mounting frame
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(b) Dynamometer, O to 15,000 1b capacity, for measuring the load
applied.

(c) Link, with a 3/4 in, diameter pin at one end to locate the
dynamometer and, in the opposite end, a 3/8 in. diameter pin to positien
the blade of the remcver block. The link is in two parts, joined by a
single bolt, permitting rotation of the ends. This allows proper align-
ment when a gage is used to record pressures in the firing head.

(d) M3 remover

(e) Cep, with a 3/8 in. pin to provide proper trunnion mounting
at the base of the remcver.

(f) Mounting frame.

TEST RESULTS AND DISCUSSION

The tests performed in the evaluation of the escape eystem proposed
for the B-57B aircraft have been described under section "Experimental
Procedure.” The results of the evaluation program are presented in de-
tail below. Each phase is treated separately; round by round data fol-
low in the Appendix.

Phase A: Preliminary Performance Evaluation of Transmission System

The tests conducted in this phase were to evaluate the perform-
ance cf the various independent transmissicn subsystems which conprise the
carncpy jettison system, as criginally propcsed. A sumrary of the results
follcws.

Ground Release Subsvstem: The five functicn tests all resulted
in initiaticn of the thruster, The performance c¢f this subsystem is sum-
marized as follows.

Peak Pressure {(psi) in Pressure Block (5 Test Firings)

Maximum Minimum Average
1560 1480 1500

Pilot's Control Subsvstem: The five function tests all resulted
in initiaticn cf the thruster. The perfcrmance of this subsystem is sum-
marized es follows.

Peak Pressure (psi) in Pressure Block (5 Test Firings)

Maximum Minimum Aversge
1340 1050 1190
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On the basis of these tests it was concluded that the thruster
could be reliably initiated in these subsystems.

Remover Operation Subsystem: In none of the eight test
firings with this subsystem conditioned at -65° F was the remover
initiated. The performance is summarized below.

Peak Pressure (psi) in Remover Firing Block (8 Test Firings)

Maximum Minimum Average
870 440 630

In two of the three test firings at ambient temperature, the re-
mover was initiated. In the third test firing the remover was not
initiated; the shear pin showed evidence of partial shear. The peak
pressures recorded in both successful firings were also the pressures
at pin shear; their values were 1020 psi and 1060 psi, respectively.
The peak pressure recorded in the third test was 1100 psi.

It was concluded on the basis of both the pressure data
and the record of unsuccessful initiation that the M3 remover could
not be reliably initiated in the remover operation subsystem., It
was suggested by Frankford Arsenal personnel that an M5 initiator be
introduced into the subsystem as a booster, thus forming two subsys-
tems. Thus suggestion was adopted and in the presently proposed es=-
cape system for the B-57B aircraft the M3 remover is initiated by an
M5 initiator through 1% in. flexible hose with fittings (Figure 1).
This modified system is evaluated under Phase E,

Phase P: Performance Evaiuation of Remover, M3

In this phase of the evaluation program test firings were
conducted to investigate the performance of the M3 remover propelling
various loads. From the data obtained it may be seen that

(a) Peak thrust performance is practically independent of ths
weight propelled and the position in which the remover is fired, al-
though the performance increases with firing temperature.

(b) Velocity and mechanical energy output are decreased by
increasing the weight propelled. Both are significantly lower when
the remover is fired in the vertical position. Greater velocity and
mechanical energy are develooed when the remover is fired at the high-
er temperature., The data are summarized in Tables V and VI,
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Tahle V. T6 Remover Propelling Maee Load Horlzontally
(5 Firinge for each Condition)

Propelisd Mechanical Energy

Weight Temp Peak Thrust (ib) vslocity (1/s) Developed {ft=1b)
(1b) (°F)  Max  Min  Avg  Max  Min A gax  Mn Avg
300 -65 3990 3040 3240 25.5 24,2 24,7 3140 2830 2970
300 160 3840 3700 3770 27.0 26,0 26.5 9540 3270 3420
400 -65 3570 3210 3340 2t.4 20.,% 20,7 2930 2630 2760
400 160 3790 9610 3700 22,2 21.9  21.8 3140 2910 3040
500 «b5 9250 9040 3150 18,2 7.4 i7.1 2700 2360 2530
500 160 3460 9710 3690 19.3 18,7 19.1 2940 2770 2900

Tabis VI. W3 Remover Propel iing Mase Load Vertically Upward
(10 Firinge for each Condition)

Propelled Mechanical €nergy

Weight Temp Psak Thruet (ib) Velocity (f/e) Developed {ft-Ib)
(1) (F)  Max Wi A ¥ M A Max W Avg
300 -65 9320 28%0  30%0* 20,9 18.9 19.6¢ 2660 2390  2510*
400 -65 3070 2870 2980 15.7 14,7 151 2460 2260 2350
500 -6% 3100 2820 3000 12.1 10.2 1.2 2260 1920 2100

Note: Ths mechanical energy developed represente the eum of kinetic and gravitational poten-
tisl energy of the propelled maese at tube eeparation, In vertical firinge the poten~
tial energy 1e coneidersd zsro at the origin of motion.

'Avorago of 9 test firings

Performance curves fcr representative test firings of the M3
rerover fired in the horizontal position are presented in Figures 21 to
26, inclusive. As Figures 23 and 24 show, the remover develops maximum
thrust before any appreciable motion (and volume change) has taken place.
Since the maximum thrust develeped is largely dependent upon the volume
in which the propellant burns, it would be expected that peak thrust per-
formance is practically independent of the wéight oropelled. The varia-
tion of peak thrust with firing temperature is not so easily explained.
However, the difference is believed to be caused in part by (a) increase
in rate of combustion of the propellant, leaving less time for cooling
(compare Figures 21 and 22), arnd (b) decrease in the rate of heat dissi-
pation to the walls of the remover at the higher firing temperature.

39




do,69~ ‘eamyeaaduag Sutaty f f[TejuoZTa0y speol d1FFoads
Suprredoad ‘aeaousa gJ ¢égaaano soummiojaad swyy=3snayy ealjwjussexdsy °Tg aand T4

Avcoomnﬂﬁﬁﬂsv T d g

o022 002 09T 091 om ozt 00T ﬂﬂ 09 on -]
i
1/ _d _ .“.
A i ﬁ
~— 000T
| !
” 49..
l;
| L
m 7 w
Xﬁr;oﬁ& s =
/ N | m
_ e N
1
" = s
- ssey peyredoid :
swep peyradoad 2
sewy, po[1adoad
—_—t - SETUON (SO WS 0Q0€
. - : _ 00S€
LNeT—

980E# °3eN




d 09T ‘emgessduwsy Jutaty f ATTRuUOZ IOy speOT OFJFoeds
Supriedoad aeaowsa gy seadno eduBuLIOFIId SWF-3STIYY sajyejuegeadsy *zz oandtd

Aucooon....ﬂnﬁsv 1034 4

(2] 002 [+ ") ¢ 091 Sﬂ ot 00T (] R 09 o oz

/./ =~ _
~ ] ..
—~I =< T
[ ~ -4,
/VII .
S ‘.
S~ .
/l .,
/ .
~ -
b~ o
-, -
e .
> .
~ 4.
/.
9

esog perredoid Q1T 003

] sswy peyredoad Q1 00¥

sowy poriedoad QY QOg *cecccccceces

nl;o . *

o N Y]
-
.

LNET=4
S9Q0E# *BeN

41

(at) Ionaul



Neg. #30866
R-13,7

eseccescssscse 300 1D mll“ Mans
400 1® Propelled Mass
——————— 50010 Propelled Mass |

e
4
1 e

o0 b

'>.\ -
XL [
P o —
ok S - =1

\' \'~.~, e ppea

- . .-

1000 ~E - h—— T T T 1=
\.."s..:'\'uﬁ. BN -

N EAED bt o - 5 | e cod

\\ ‘e, ‘;‘ 3

Strdre (tmahes)

Pigure 23. Representative thrust-stroke performance curves, T6 remover,
il horisontally; firing temperature, =65° P

propelling specific loads
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The time required to complete stroke is significantly in-
creased by an increase in the weight propelled and by the addition
of a retarding acceleration field, as in test firings in the verti-~
cal position (Table VII).

Table VII. Stroke-Time Data for M3 (TA) Remover

Propelled
No. of Weight Temp Time to Complete Stroke (sec)
Rounds Position  __ (1b) (°F) Max Min Avg
5 Horizontal 300 -65 0.154 0.150 0.152
5 W 300 150 0.146 0.144 0.145
5 W 400 =55 0,182 0.178 0.180
5 W 400 150 0.178 0.170 0.174
5 n 500 =55  0.214 0.200 0.2056
5 It 500 150 0,200 0.194 0.197
9 Vertical 300 -65 0,181 0.170 0.173
10 W 400 -65 0.213 0.208 0.211
10 @ 500 -65  0.265 0,248 0.257

An increase in stroke time results in increased dissipation
of energy which is lost in raising the wall temperature of the remover. 0
Consequently, less energy is available for the production of mechanical
energy. The initial wall tempersture (firing temperature) significant-
ly affects the production of mechanical energy because less heat is
lost to the walls of the remover when they are initially at a higher
temperature.

Phase C: Performance Evaluation of M5 (T4E1l) Thruster

The object of this phase of the evaluation program was to
determine whether the M5 thruster would provide sufficient force to
overcome the resistance of the canony latch system (Figure 3). In
these tests the initial restraining force of the canopy latch system
was aoproximated with a steel shear pin placed at zero stroke position,
The moving mase was 20 1b. The performance data are summarized in
Table VIII,

Table VIII. Performance Data for M5 Thruster

Thrust (1b)
Ne. of  Temp At Pin Shear Peak Final
Rounds (°F) Max Min Avg Max Min Avg Max Min Avg

-5 1500 1150 1350 1930 1560 1710 1470 1170 1300
160 1720 1270 1490 2550 2250 2410 2060 1930 1990

W\
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Curves prepared from the records of pressure, time, and piston
stroke for each test round are presented in Figures 27 to 30, inclusive.
Data on initial, peak, and final thrust; time to start cf motion; peak
thrust; ard total stroke for each test firing are given in the Appoendix.

It is apparent from Figures 29 and 30 that the M5 thruster is
capable of providing force which is more than sufficient for the move~
rent of the canopy lateh cylinder,

The performance of thruster type cartridge actuated devices
varies with the mechanical system in which they are used. Such external
conditicns as inertial and resistive forces seriously affect both thrust-
time and thrust-stroke performance. It must be understood that the data
shown in Figures 27 to 30, inclusive, and in the Appendix, represent per=-
forrance of the thruster only under the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>